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© Nickel-based catalyst, Rs preparation and its application. 
® The invention provides nickel-based catalysts suitable 
for hydrogenation reactions comprising a water soluble, 
silica containing carrier material amounting to 90-10 parts by 
weight and 10-90 parts by weight of nickel/nickel compound, 
having an overall active nickel surface of 70-200 m 2 /g, 
nickel/nickel compound aggregates with an average particle 
size of 2-100 micrometers, which aggregates are for at least 
60%, preferably for at least 80% free of carrier particles. The 
average nickel crystallite size is preferably between 0.5 and 
10 nanometers, more preferably between 1 and 3 nano- 
meters. The catalysts can be prepared in a muhistep process 
involving rapid precipitation of nickel compound, an insolu- 
ble carrier and a distinct, much longer ageing step followed 
by separation of solids, drying and activation. 



CL 
LU 



Croydon Printing Company Ltd. 



1 



01 14704 



NICKEL-BASED CATALYST, ITS PREPARATION AND ITS APPLI- 
CATION 

The invention relates to a nickel-based catalyst, to 
its preparation ana to its application for hydrogena- 
tion reactions. 

5 Nickel-based catalysts are well-known and are widely 
used as hydrogenation catalysts. It i6 customary to 
prepare them by precipitating nickel-hydroxide and/or 
-carbonate from an aqueous solution of a nickel salt 
using an alkaline reactant, often in the presence of a 

10 carrier* 

In the preparation of these catalysts measures are 
often taken to precipitate the insoluble nickel com- 
pounds as gradually as possible from the solution onto 

15 the carrier particles suspended therein. To this end, 
for example, a carrier suspension in a solution of a 
nickel-ammonia complex is heated so as to allow the 
ammonia to escape, thereby causing the nickel to pre- 
cipitate (cf. 6B-A-926 235). Alternatively, urea is 

20 incorporated in the solution in \rtiich the carrier is 

suspended, after which the urea is decomposed by heat- 
ing (cf. GB-A-1 220 105), causing the nickel hydroxide 
to precipitate. The aim of this very gradual precipi- 
tation of the nickel is to cover the carrier particles 

25 entirely or largely with nickel compound. Furthermore, 
GB-A-1 367 088 discloses the preparation of a catalyst 
by precipitating nickel on guhr, keeping temperature, 
pH, alkalinity and residence time within narrow ranges. 
In this process the nickel hydroxide is slowly precipi- 

30 tated from a diluted solution in a reaction vessel, af- 
ter which the solid components are separated. Precipi- 
tation and post-reaction (the latter normally being re- 
ferred to as "ageing") take place in the same reaction 
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vessel. Which therefore has to be relatively big, under 
the same reaction conditions. 

It has now been found however that new, improved 
nickel-based catalysts can be prepared by carrying out 
this process in at least two separate steps, to wit: 

(i) A very rapid precipitation step, in which under 
vigorous agitation the nickel hydroxide/carbonate is 
precipitated in a precipitation reactor with a mean 
residence time of 0.01 to 10, preferably 0.2 to 4.5 
minutes, rather even less than 3.5 minutes, during 
which the normality of the solution in the reactor, 
containing excess alkali, is between 0.05 and 0.5, 
preferably between 0.1 and 0.3 N and the temperature 
of the liquid in the precipitation reactor is kept 
between 5 and 95', preferably between 20 and 55 # C. 

(ii) At least one separate, longer ageing step with a 
mean residence time in the post-reactor of 20 to 180 
min, and a temperature that remains between 60 and 100*, 
preferably between 90 and 98 # C. It is sometimes pre- 
ferred for the temperature during the ageing step(s) 

to differ from that during the precipitation step; in 
particular it may be advantageous to perform the age- 
ing step at somewhat higher temperatures, e.g. with a 
difference of 10°C above the precipitation temperature. 

The nickel-based catalysts according to the present 
invention comprise a Water-insoluble -icarrier material 
which is present or added during preparation. Suitable 
carrier materials are, for example, silica-containing 
materials such as kieselguhr, aluminium trioxide, and 
silicates such as bentonite. Kieselguhr is the prefer- 
red material, particularly kieselguhr containing from 
50 to 90 wt.% of amorphous silica. 

The carrier material can be added (a) directly as such, 
(b) as an aqueous suspension, (c) preferably as a sus- 
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pension in an aqueous nickel salt solution, (d) as a 
suspension in an aqueous solution of the alkaline com- 
pound. 

According to embodiments (a) - (d) the carrier can be 
added before or during precipitation. According to em- 
bodiments (a), (b) or (d), however, the carrier can 
also be added entirely or partly (the latter being pre- 
ferred) after precipitation, but also before or during 
ageing. 

After precipitation and ageing according to the inven- 
tion the solids are separated from the liquid, option- 
ally washed, dried and activated by contacting them 
with hydrogen at an elevated temperature in a manner 
known per se. 

Nickel compounds which can be used as starting mate- 
rials for the preparation of the catalysts according 
to the present invention are water-soluble nickel com- 
pounds such as nitrate, sulphate, acetate and chloride. 
The solutions that are fed into the precipitation reac- 
tor preferably contain between 10 and 80 g nickel per 
litre; particularly preferred is the use of solutions 
containing between 25 and 60 g nickel per litre. 

Alkaline compounds which can be used as starting mate- 
rial in the process according to the present invention 
are alkalimetal hydroxides, alkalimetal carbonate, al- 
kalimetal bicarbonate, the corresponding ammonium com- 
pounds and mixtures of the above-mentioned compounds. 
The concentration of the alkaline solution fed into 
the precipitation reactor is preferably 20-300 g of 
anhydrous material per litre (as far as the solubility 
permits this), particularly between 50 and 250 g per 
litre. 
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It has practical advantages to use the two solutions 
(nickel-containing and alkaline, respectively) in 
about equal concentrations expressed in equivalents, 
resulting in the use of about equal volumes. 

5 

The nickel-containing solution and the alkaline solu- 
tion are fed at such rates that a slight excess of 
alkaline compound is present during the precipitation 
step, namely such that the normality of the liquid 

10 ranges from 0.05 to 0.5, preferably from 0.1 to 0.3 
(said normality being determined by titration with 
aqueous hydrochloric acid using methylorange as the 
indicator) . In the ageing step it may sometimes be 
desirable to add further alkaline solution in order to 

15 maintain the alkalinity (normality) in the above- 
defined range. 

The precipitation reactor comprises a means for vigor- 
ous agitation of the reacting fluid and its dimensions 

20 are such in relation to the amounts of fluid fed that 
the short mean residence times indicated can be ob- 
tained. Preferred mean residence times in the precip- 
itation reactor are normally between 0.01 and 10, par- 
'■ ticuiarly between 0 # 2 and 4.5 minutes.- The precipita- 

25 tion step and also the ageing step can be carried out 
batchwise, continuously and semi- continuously (e.g. 
according to the cascade method). 

In the preferred continuous precipitation process 
30 (step i) the rate of addition of the solutions to the 
precipitation reactor is controlled by continuously or 
discontinuously measuring the alkalinity (normality) 
of the discharged liquid. This can sometimes also be 
done by monitoring the pH. Also the temperatures of 
35 the reacting liquids fed into the precipitation reac- 
tor are used to control the temperature at which pre- 
cipitation takes place. The required vigorous agita- 
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tion of the liquid in the precipitation reactor pref- 
erably takes place with an energy input of 5-25 K watts 
per 1000 kg of solution. Jet mixing is also a suitable 
method, involving much larger specific energy inputs of 
5 up to 2000 K watts/kg. 

The reaction mixture obtained from the precipitation 
reactor is subsequently led into a significantly larger 
post-reactor, in which the liquid is further agitated. 
10 If desired, additional ingredients can be incorporated 
here, such as carrier material, alkaline solution as 
defined hereinbefore and/or possibly promoters. 

Preferably the temperature of the liquid in the post- 
15 reactor, i.e. during the ageing step, is kept at a 

temperature between 60 and 100°C, preferably between 
90 and 98*C. 

The normality of the liquid in the post-reactor during 
20 the ageing step (step ii) is kept in the same range as 
during the precipitation step (step i)? it may be re- 
quired to add some further alkali. The ageing step can 
be performed in one or more post-reactors, the (overall) 
mean residence time being kept between 2D and 180 min, 
25 preferably between 60 and 150 min. If two or more post- 
. reactors are used it is desirable to arrange this in 
such a way that in the second or following post-reac- 
tor the temperature. of the liquid is 10 to 15 centri- 
grades below the temperature in the first post-reactor .~ 

-p 30 

After completion of the ageing 6tep the solids are 
separated from the mother liquor, usually washed, dried, 
optionally ground and/or calcinated and subsequently 
activated with hydrogen gas at an elevated temperature 
35 usually ranging between 250 and 500*, preferably be- 
tween 300 and 400 °C. This activation can take place at 
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atmospheric or higher pressure. Atmospheric pressure is 
preferred. 

Preferably before drying, or during any previous step 
promoters can conveniently be added. Promoters com- 
prise amounts of 0.05 to 10%, calculated on the weight 
of nickel, of metals/compounds such as copper, cobalt, 
zirconium, molybdenum, silver, magnesium, any other metals 
and combinations thereof. 

The separated solid is preferably washed with water, 
sometimes made slightly alkaline, or water with a de- 
tergent added thereto. 

Organic solvents can sometimes be used advantageously. 
Drying takes place preferably with forced air circula- 
tion. Spray-drying and freeze-drying are also quite 
well possible. 

The present invention provides new, improved nickel- 
based catalysts which comprise 10-90 parts by weight of 
nickel/nickel compounds and 90-10 parts by weight of 
insoluble carrier material, as well as 0-10, preferably 
0:05-5' parts by weight of a metal promoter, %fliich cata- 
lysts have an active nickel surface of 70-200 m 2 /g, 
preferably more than 100 m 2 /g, said catalysts further 
comprising aggregates which mainly consist of nickel/ 
nickel compounds with an average particle size of 2 to 
100 micrometers, preferably between 5 and 25 microm- 
eters, and which aggregates have an (outer) surface 
which is for at least 60% free of carrier particles 
attached thereto. Preferably the nickel/nickel compound 
aggregates have a surface which is for more than 80%, 
particularly for more than 90% free of carrier par- 
ticles. 
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The nickel/nickel compound aggregates consist mainly, 
i.e. for more than 80%, preferably more than 90%, of 
nickel and nickel oxides, but some promoter material 
may also be present. These aggregates preferably con- 
tain nickel crystallites with an average diameter be- 
tween 0.5 and 10, more particularly between 1 and 3 
nanometers . 

The catalyst according to the invention is used for 
the hydrogenation of unsaturated organic compounds, in 
particular oils and fats, fatty acid and derivatives 
thereof . 

The invention is illustrated by the following Exam- 
ples • 

Example 1 _ 

An aqueous suspension was prepared by suspending kie- 
selguhr (containing 7.0% amorphous Si0 2 ) in a NiS0 4 
solution (35 g Ni/l and 1.2 N), in such a way that the 
Ni: Si02~ratio was 1:2.3. Also an aqueous soda solu- 
tion, containing 75 g of Na 2 C0 3 (anh) per litre 
and 1.4 N, was prepared. • Subsequently both solutions 
were continuously pumped into a vigorously agitated 
pump reactor, in about equal volumes, resulting in 
precipitation of nickelhydroxide/ carbonate at a tem- 
perature of 80 C C. The alkalinity of the suspension so 
obtained was 0.096 N. In the reactor in vftiich the pre- 
cipitation took place the suspension had a residence 
time of 4 minutes, after which the suspension was im- 
mediately passed to the first of a series of two post- 
reactors. In each of these post-reactors the precipi- 
tate was aged for 50 minutes (mean residence time) at 
temperatures of 97° and 80 # C, respectively. The aged 
precipitate was then continuously filtered off and 
the green filter cake thus obtained was washed with 
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water , dried and activated with hydrogen under atmos- 
pheric pressure at a temperature of 350 # C. 

Electron microscopy and microrBntgen analysis showed 
5 that the catalyst consisted of nickel crystallites 

averaging 2 nanometers and aggregates averaging 21 mi- 
crometers. The surface of the nickel/nickel compound 
aggregates was for about 85% free of carrier particles 
and also the original shape of the siliceous skeletons 
10 was largely uncovered and well and freely perceptible. 

Examples 2-7 

Following the procedure as described in Example 1 
further catalysts were prepared according to the in- 
15 vention, while varying the amounts and conditions, as 
is shown in Table I. Measures were taken to keep .the 
other conditions unchanged. 

In Table II, showing the hydrogenation characteristics 
20 of this catalyst, comparisons are made with a catalyst 
known from the literature. 

On fatty acid hydrogenation it was found that for 
achieving a certain iodine value, with catalysts ac- 

25 cording to the invention less than half the hydrogen-r 
ation time was sufficient and that in the case of fish 
oil the catalyst also retained its activity for a longer 
period. Prom the melting points it appeared that the new 
catalyst had a greater selectivity, i.e. less tri-satu- 

30 rated triglyceride was formed. 

On fatty acid hydrogenation it turned out that hydro- 
genation could be carried through to lower iodine 
values in the same hydrogenation time and thus pro- 
35 ceeded more rapidly than with the known catalyst used 
for comparison. Furthermore, the hydrogenations can 
also be performed with excellent results at a lower 
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hydrogenation temperature* In addition, the new cata- 
lyst could be filtered very effectively, in any case 
better than the known catalyst. 

Table III below gives an impression of fatty acid hy- 
drogenation plotted against time (relation between 
iodine value and hydrogenation time under otherwise 
equal conditions) . 



TABLE III 



Hydrogenation 
time 
(rain) 


Iodine value 
with catalyst 4 
(Table II) 


1 

Iodine value 
with known ca- 
talyst. 
(Table II) 


30 


45.1 


72.1 


60 


15.3 


45.5 


90 


9.8 


22.2 


120 


5.3 


17.8 


150 


3.3 


15.1 



Table III demonstrates that the iodine value of the 
hydrogenated fatty acid of about 15. 2, obtained with 
the* conventional catalyst widely used for this purpose 
after about 150 minutes, was already reached in about 
60 minutes with the catalyst according to the inven- 
tion, which is a considerable technological improve- 
ment. 
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Example 8 

A 10% aqueous soda solution ana a 3.5% aqueous nickel 
sulphate (calculated as nickel) solution in which kie- 
selguhr (22 g per litre) had been blended were both 
continuously pumped into a small precipitation reactor 
(75 ml capacity) whilst the reactor was heavily agi- 
tated (energy input 6 Watts- per litre of solution). 
The two liquids were fed into the reactor in such rates 
that the pH in the precipitation reactor was 9.3. The 
residence time was 0.5 minutes. 

After precipitation the slurry contained about 4% of 
solids and this slurry was continuously aged in a rela- 
tively larger vessel (capacity 4.5 1) with moderate 
stirring. The ageing temperature was 97 *C and the pH 
was 8.9. The average residence time in the ageing re- 
actor was about 30 minutes. 

After 1.5 hours the flows were stopped and 4.5 1 of 
slurry were filtered in a Btichner funnel under vacuum. 
After filtration the solids (filter cake) were washed 
with 4 litres of distilled water. The filter cake was 
then dried overnight in an oven at 120* C. 

Samples of the green filter cake were investigated by 
electron microscopy (magnification 500 and 1000 x) . The 
photos showed small nickel/nickel compound aggregates 
of which 80% were free of carrier particles and also 
the original shapes of the siliceous skeletons were 
largely uncovered by nickel/nickel compounds and freely 
perceptible . 

The green cakes were reduced at 400 »C with a hydrogen 
flow of 15 N* m 3 /kg Ni for 30 minutes. 



* - (s.T.P.) 
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The active nickel surface area was determined by 
hydrogen chemi sorption and yielded a value of 110 
m 2 /g nicXel. The average size of the nickel crystal- 
lites was calculated to be 3 nanometers and the size of 
the nickel/nickel compound aggregates was found to be 
30 micrometers. 

This catalyst had excellent properties for the hydro- 
genation of soybean and fish oils. 



*** 
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CLAIMS 

1. Hydrogenation catalyst, containing 10-90 parts 
by weight of nickel/nickel compounds and 90-10 parts by 
weight of silica and having an overall active nickel 
surface of 70-200 m 2 /g f preferably more than 100 m 2 /g 
per gram nickel, characterized in that the catalyst com- 
prises nickel/nickel compound aggregates with an average 
particle size ranging from 2 to 100 micrometers and that 
the nickel /nickel compound aggregates are for at least 
60% free of carrier particles. 

2. Hydrogenation catalyst according to claim 1, 
characterized in that the surface of the nickel/nickel 
compound aggregates is for at least 80* free of car- 
rier particles. 

3. Hydrogenation catalyst according to claim 1 or 
2, characterized in that the nickel/nickel compound 
aggregates are for at least 90% free of carrier par- 
ticles. 

4. Hydrogenation catalyst according to any one of 
claims 1-3, characterized in that the average particle 
size of the nickel/nickel compound aggregates ranges ■ 
between 5 and 25 micrometers. 

5 # Hydrogenation catalyst according to any one of 

claims 1-4 , characterized in that the average nickel 
crystallite size ranges between 0.5 and 10 nanometers. 

6. Hydrogenation catalyst according to any one of ' 

claims 1-5, characterized in that the nickel crystal- 
lite size ranges from 1 to 3 nanometers. 
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7. Process for preparing a nickel-based catalyst 
comprising an insoluble carrier and optionally a pro- 
moter, Which process is carried out in at least two 
steps, to wit: 

5 (i) A rapid precipitation step, in which under vi- 
gorous agitation the nickel hydroxide/carbonate is 
precipitated in a precipitation reactor with a mean 
residence time of 0.01 to 10, preferably 0,2 to 4,5 
minutes, rather even less than 3.5 minutes, during 

10 which the normality of the solution in the reactor, 
containing excess alkali, is between 0.05 and 0.5, 
preferably between 0.1 and 0.3 N and the temperature 
of the liquid in the precipitation reactor is kept 
between 5 and 95° , preferably between 20 and 55°C. 

15 (ii) At least one separate, longer ageing step with a 
mean residence time in the post-reactor of 20 to 180 
min, preferably between 60 and 150 min, and a temper- 
ature that remains between 60 and 10°, preferably be- 
tween 90 and 98'C, after which the solid is separated, 

20 dried and activated with hydrogen in a manner known 
per se. 

8. Process according to claim 7, characterized in 
that the nickel salt solution to be precipitated con- 

25 tains 10-80 g nickel per litre. 

9. Process according to claims 7 or 8, charac- 
terised in that the carrier is added in an amount of 
20-200 g per litre. 

30 

10. Process according to any one of claims 7-9, 
characterized in that the solution of the alkaline 
compound contains from 30 to 300 g of anhydrous al- 
kaline compound per litre. 
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11. Process according to any one of claims 7-10, 
characterized in that the alkaline solution contains 
sodium carbonate. 

12. Process according to any one of claims 7-11 , 
characterized in that the nickel compound is a salt 
of a mineral acid. 

13. Process according to any of claims 7-12, cha- 
racterized in that the carrier is silica. 

14. Process according to claim 13, characterized 
in that the Bilica used is kieselguhr consisting for 
50 to 90 wt.% of amorphous Si0 2 » 

15. Process according to any one of claims 7-14, 
characterized in that during precipitation agitation 
takes place with a mechanical energy input of 5-5000, 
preferably 5-25 kilowatts per 1000 litres of solution. 

16. Process according to any one of claims 7-14, 
characterized in that mechanical agitation is effect- 
ed by jet mixing. 

17. Process according to any one of claims 7-16, 
characterized in that the activation of the catalyst 
is carried out with hydrogen at a temperature between 
250 and 500°, preferably between 300 and 400*C. 

18. Process according to any one of claims 7-17, 
characterized in that precipitation is carried out 
continuously by dosing a carrier suspension in an 
aqueous nickel salt solution together with an al- 
kaline solution in a small, vigorously rotating 
mixing pump and subsequently pumping the suspension 
into one or more post- reactors. 
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19. Process according to claim 18, characterized 
in that two or more post-reactors are used, the tem- 
perature in the second and any following poBt-reactor 
being 5-15 centrigrades lower than that in the first 
post-reactor. 



20. Use of nickel catalysts as described in any of 
the preceding claims in the hydrogenation of unsatu- 
rated organic compounds. 




Fiq. 1 Scannincr electron micrograph of catalyst. 

Magnification lOOOx, green cake with Kieselguhr. 




Fig. 2 Electron micrograpn ,£uhr catalyst. 
100 r.p.m., magnification 500x 
(linp^2ujD) . 
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